Purpose: This study aimed to compare cerebral hemispheric volumes between phar macologic treatment and supportive management of patent ductus arteriosus (PDA). Methods: The study was conducted retrospectively. The subjects of period 1 group were very low birth weight infants whose PDA were treated with pharmacologic closure. Period 2 group were treated with supportive management. Regional brain volumes measured using magnetic resonance imaging were compared between the two groups. Results: A total of 12 infants were included. Their median gestational age was 27 +6 (range: 24 +1 -31 +1 ) weeks and birth weight was 1,065 g (range: 690-1,380). Between the two groups, there was no difference in Apgar score, incidence of bronchopulmonary dysplasia, necrotizing enterocolitis, and culture proven sepsis. The regional brain vol umes such as gray matter (Period 1 group, 76,833 mm 3 [55,759-100,388] vs. Period 2 group, 79,870 mm 3 [59,957-113,018], P=0.59), white matter (82,993 mm 3 [63,130-121,311] vs. 92,576 mm 3 [77,200-104,506], P=0.18), cerebrospinal fluid (17,167 mm 3 [9,279-22,760] vs. 14,348 mm 3 [7,018-27,604], P=0.94), basal ganglia (2,065 mm 3 [1,697 -2,482] vs. 2,306 mm 3 [2,065-3,009], P=0.18), and cere bellum (18,374 mm 3 [14,843-24,657] vs. 18,096 mm 3 [16, 627], P=0.94) were not different between the two groups. Conclusion: Regional brain volumes were not different between pharmacological and conservative treatment in infants with PDA. Further well controlled studies are required to evaluate the advantages or disadvantages of supportive management without pharmacologic treatment of PDA.
INTRODUCTION
Hemodynamically significant patent ductus arteriosus (PDA) is a common problem in the first week after birth in preterm infants, especially in infants with gestational age, GA <28 weeks [1] [2] [3] . PDA in preterm infants in the postnatal period is associated with an increased risk of bronchopulmonary dysplasia 1, 2) , prolonged mechanical ventilation 4) , necrotizing enterocolitis (NEC), intraventricular hemorrhage (IVH), periven tricular leukomalacia (PVL), cerebral palsy, and increase in mortality [5] [6] [7] . The current management of PDA in preterm infants includes pharmacologic closure, surgical ductal ligation, or supportive management for spontaneous closure 8) . However, there are no randomized controlled trials comparing the 3 different approaches, and there is an ongoing debate regarding the ideal treatment of PDA in preterm infants 9) . Because the rate of spontaneous ductus closure in infants weighing <1,000 g is very high, 35% by 6 days after birth, 67% by 7 days after birth, and 94% before hospital discharge, hemodynamically insignificant patent ductus arteriosus seldom requires treatment 10, 11) . There fore, the treatment guidelines should be based on the clinical manifestations of hemodynamically significant PDA and tolerance in preterm infants, rather than focusing on the PDA itself. Recently, supportive approach has become more common, and pharmacologic and surgical treatments are less commonly used 9, 12) , but evidence supporting the treatment approaches is insufficient and the risks are not clear 9, 10, 13) . The brains of preterm infants achieve rapid growth during the premature period after birth, and are more vulnerable to various stresses 14, 15) ; therefore, PDA still remains a risk factor for PVL, IVH, and white matter damage. In particular, the decreased volume of brain tissue in preterm infants at termequivalent age remains a concern as it can result in adverse neurodevelopmental outcomes later 16) .
In this regard, the authors hypothesized that there may be certain association between decreased cerebral volume and supportive management of PDA resulting in delayed waitand see strategy rather than active pharmacologic treatment. with PVL, which can affect the brain parenchymal volume, were also excluded.
MATERIALS AND METHODS

Study population
Data collection
Maternal obstetric data were collected from medical records, and neonatal data were collected by retrospective review of records. 
Image analysis
The the new segment tool in SPM8. The total and regional brain volume was estimated with these segmented images. The brain probability maps of each voxel that contained GM, WM, CSF, BG, and cerebellum on a scale of 0 to 1 were produced from the segmented 2DT1W images. In order to focus on susceptibility changes of the brain tissues, only the voxels that contained greater than 70 percent GM, WM, CSF, BG, and cerebellum were selected to minimize the partial volume effect (Figure 1 ).
Statistical analysis
Continuous data are presented as the median (range). The two groups of infants were compared using MannWhitney U test for continuous variables and Fisher's exact test or the chisquared which demonstrated that cerebral blood flow was decreased when indomethacin was used 17) . A study by Wennmalm et al. in 1981 also found the same results when indomethacin was administered in adults 18) , and a study of neonates by Evans et al.
in 1987 also reported the same findings 19) . In contrast, a larger scale study by Romagnoli et al. in 2000 reported no significant reduction in cerebral blood flow in neonates treated with ibu profen 20) . However, one recent study in 2012 also stressed the adverse effect on the volume of white matter and transient reduction in cerebral flow with ibuprofen administration 21) .
Our report was the first attempt to compare brain volumes at termequivalent age between the group receiving ibuprofen treatment for PDA and the group receiving supportive manage ment, by using volumetric 3dimensional MRI techniques. The result was that there was no difference between ibuprofen usage group and the group receiving supportive therapy. However, it is not clear if we can make such a conclusion, because the sample size was too small. Many factors that can affect the outcome of the study were not controlled and it is a retrospective study that has profound limitations in inclusion and exclusion criteria.
Nonetheless, through this study we still question the outcomes of a previous study, if ibuprofen could influence the cerebral blood flow and affect neurologic development. Therefore, further well controlled studies are needed to evaluate the advantages or disadvantages of ibuprofen usage in the treatment of preterm infants with PDA.
RESULTS
Nine infants underwent pharmacologic treatment of PDA and 5min Apgar scores, NEC, and culture positive sepsis (Table   1 ). 
DISCUSSION
Although white matter volumes between both groups were not different in our study, there are some researchers who have mentioned the possible compromised outcome due to the use of prostaglandin inhibitors. Evidence for this hypothesis was first suggested in a study in baboons by Pickard et al. in 1973, 
